systems there are problems in attempting to carry out further development work, while using the computer system for on-line testing. On-line techniques are employed particularly when there is a requirement for analysis ofcontinuously measured data, e.g. breath-by-breath studies of gas exchange (Beaver et al. 1973) . The performance of such tests is virtually impossible without computational facilities.
On-line systems can also be used for control of the test procedure. Such techniques can allow more sophisticated control of experiments than is possible by manual methods. An example of this is the technique of dynamic end-tidal forcing (Swanson & Bellville 1974) . This enables the experimenter to obtain changes in alveolar gas concentrations of the required form, e.g. sinusoidal changes.
The system for processing data from routine tests of pulmonary function in this laboratory is a batch-processing system. Data from the tests which are performed are entered by technical staff onto specially designed work sheets. Data are put in to the computer system on paper tape. All input items are checked by the programme as being within a range which has been defined and is appropriate to that specific measurement. This checking procedure detects transcription errors and errors in data preparation. The calculation programme is organized in an overlay structure with separate programmes for each logical group of tests.
The system produces two types of report: one for return to the referring physician, and one for laboratory purposes. The computer system adds an interpretative comment to the report. Important by-products of the system are work reports, which are produced weekly, and archival files for research purposes. The system will also produce results for patients who have been tested previously, in a form suitable for transfer to other laboratories. The need for transfer of patients' results should increase as routine pulmonary function testing is applied more widely.
The main defects of this system are the need for preparation of data and the relative loss of job satisfaction for technical staff, since there is not an immediate end-product. This may accentuate the problem of quality control in a laboratory which is carrying out a large number of tests. A possible solution to this problem is to introduce a limited data processing capability for each type of laboratory test. Such a solution is now feasible at relatively low cost, using microprocessor technology. It is possible to incorporate in the microprocessor criteria by which it is decided whether the data obtained are acceptable. This will perhaps provide a solution to the difficult problem of implementing quality control in pulmonary function laboratories. Dr Pack in answer to Dr D C S Hutchison said that the staff of the laboratory comprised seven technicians, and one member of the medical staff who was whole-time in the laboratory on a rotational basis; they saw on average 70 patients per week. Mr P K Morgan said that most laboratories acquired their equipment over a period of years; it was quite practicable to add some microprocessing, storage and display equipment and to feed the semiprocessed data to a central computer. The programming could often be done by the technician himself, though this was becoming more difficult. In answer to Dr J E Cotes, Mr Morgan said that the microprocessors might cost anything between £5 and £800. Mr C Derrett added that the microprocessor was normally preprogrammed, though not necessarily so.
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Body Plethysmography
The characteristics of pressure, flow and volume plethysmography were described. All are techniques for the measurement of changes in the volume of air in the lungs where these are significantly different from the changes in volume recorded at the mouth.
A volume displacement plethysmograph with pressure compensation to improve the frequency response has been developed and linked to a PDP 11-40 computer, on-line, for the monitoring and measurement of lung volumes, forced expiratory manoeuvres (flow volume curves) and dynamic and static lung compliance. Volume is determined with a wedge spirometer connected directly to the plethysmograph, output is taken from a displacement transducer attached to the spirometer hinge. Flow at the mouth is recorded by a Fleish pneumotachograph and pressure transducer. Plethysmograph pressure, mouth pressure and cesophageal pressure are monitored using straingauge transducers with appropriate sensitivities, and in the case of cesophageal pressure low volume displacement.
After amplification all the signals are fed into the computer through matched 15 Hz filters. The spirometer and plethysmograph pressure signals are mixed before filtering to improve the frequency response of the volume signal. Preset electrical calibrations are used for flow and pressure signals.
Volume calibrations are carried out using a manually operated 2 1 syringe. The analog-to-digital converter samples signals 60 times/sfast enough for the measurements described but not rapid enough for the determination of airways resistance by the Dubois panting technique.
The system described gives rapid and reproducible measurements with mechanical models and in normal subjects. Unsatisfactory results can be detected at the time of recording; the data are rejected and the measurements repeated. All the data are initially stored on disc and later transferred to magnetic tape. Output is obtained graphically from a Tectronix 40/10 display unit linked to a photocopier, or in digital form from a line printer. Operation is simple and does not require skilled medical or computer personnel.
The current cost of a suitable body plethysmograph is approximately £20 000; the cost of computer facilities £30 000 -40 000. The computer may be used simultaneously for other purposes, for example data handling from a cardiac catheter room, exercise laboratory or gamma camera. Nevertheless, the high capital cost and initial programming would not justify the use of such a system in the average routine laboratory.
GENERAL DISCUSSION
Dr K B Saunders said that respiratory function tests were useful for making objective numerical assessments and for following progress, including the response to treatment or other interventions. They were not for making a diagnosis unless the diagnosis was definable in terms of function. At the time of the tests or subsequently their performance should lead to some decision, if only to do nothing. He thought the basic respiratory function tests were those done by all the six laboratories to which he sent the two patients (see page 162); to these he would add blood gas analysis and the peak expiratory flow rate. The latter was useful for outpatients and in the patient's home. To perform these tests with an intelligent and cooperative patient and apparatus that was working, and using a small desk calculator, would take him about 45 min on a good day; three sets of such measurements would be a good morning's work, but they could be applied to all patients. On this account it was sensible to do fewer tests on more patients rather than the converse. In addition, it was necessary to distinguish service investigations from research investigations, and only do the latter with the patient's permission. More information did not necessarily mean better information; instead it led to incongruities which were difficult to interpret except by speculationmuch loved by respiratory physiologists but not helpful to the referring clinician. In this context, if the referring clinician asked for the results of a particular test, that measurement should be made and no other.
Patients were usually referred either with little information and requiring simple measurements, or needing a comprehensive assessment including clinical and radiographic observation as well as functional tests; this is the difference between a clinical referral and a lung function referral.
In relation to reporting results, there was agreement that ranges of reference values should be reported and that serial observations should be encouraged. Computers would be used for calculating results but a more important role was in the preparation of reports; the programming required thought about the process of interpretation and was a most productive exercise. It led to reports on function in terms of pathophysiological processes. Diagnostic reports could not be provided on the basis of lung function measurements alone; they also required a clinical history, chest Xray and clinical examination, in that order of importance. Dr G J R McHardy, on the question of which tests to use, supported the measurement of the arterial blood gases. Dr Cotes said that the order of importance of tests given by Dr Saunders, i.e. ventilatory capacity, lung volumes, transfer factor, and the physiological response to exercise, was that recommended in a report to ILO (1966, Respiratory function tests in pneumoconioses, Occupational Safety and Health, Series No. 6). Dr P A Emerson advocated the routine measurement of an inspiratory flow rate, since a low value relative to the expiratory flow rate might lead to early detection of obstruction in a large airway. Dr Saunders, in answer to Dr L Capel, agreed that serial measurements of total lung capacity were often helpful in asthma and in progressive restrictive disorders; in the latter the measurement of transfer factor was occasionally very helpful but not essential. Dr F Moran said that in his laboratory the decision on which tests to perform was usually made initially by the technician. He referred the less usual cases to a senior registrar who was attached to the laboratory for six months as part of his consultant training. This practice had led to the diagnosis of fluid retention causing dyspnoea in patients on the pill, and of an atrial tumour in a patient with cyanosis. Mrs M McDermott recalled that a quarter of a century ago people were discussing whether or not it was worth measuring the FEV, the FVC and the transfer factor, then called the diffusing capacity. In the interim, the instruments and the techniques for performing these tests had been greatly improved, so that the coefficient of variation was now about 5 %, making them very sensitive and useful for applying to patients. Given adequate development other tests, including the airways resistance, could be made equally repeatable, so that poor reproducibility should be the criterion not for rejecting a test but for working on it. Dr McHardy said that in his experience FEV reversibility tests, lung volumes and transfer factor accounted for more than 800% of the work; the results were sent out as unadorned numbers to the referring physicians. On the question of timing he found the variability of a single estimate of lung volume by helium dilution sufficiently large to warrant duplicate determinations; in patients with airways obstruction each measurement took 20 min, so this test alone occupied the 45 min that Dr Saunders allowed for a complete assessment. Dr A Guyatt challenged the separation of research from clinical investigation, and advocated the systematic collection of data so long as the measurements did not inconvenience the patient. Dr D Denison thought there was a case for more careful analysis of different approaches to measurement and interpretation. Two clinical cases sent to six laboratories and a questionnaire sent to ten centres constituted too small a sample. An example of the effects of this has been given by Mr P W Lord, whose subjects apparently all experienced a rise in airways resistance over the second half of the first year. The increase disappeared when the analysis was confined to the results of one observer. There was need for a much larger scale approach. Dr Laszlo agreed. His main point was that the comments of ten professional respiratory physiologists on a rather complicated case with two diagnosis could be summarized by only six statements. On this basis it should be quite simple to translate the computer profiles into a language which would be acceptable to at least a working sample of physiologists. Whether this could be done on the basis of numerical profiles alone, or required human intervention, was unresolved. He was interested that Dr Moran's computer was so far only programmed to make two diagnoses, so there was a lot of work still to be done. Dr L Capel said that the tests measured respiratory function and should be used to generate questions about patients. They did not yield anatomical diagnoses. Dr Cotes disagreed; if a patient had a large total lung capacity, a low recoil pressure and airways obstruction, there was a very strong likelihood of his having anatomical emphysema; and there were also other examples. He made a plea for the abolition of the term 'restrictive ventilatory defect'. The realization that airways obstruction affecting the small airways could reduce the vital capacity without changing the ratio of FEV to FVC (FEV %) had made its definition impossible.
Dr S Freedman said that when reporting a full physiological assessment he was seeking an anatomical diagnosis; however, many people only looked for one of two patterns of functional abnormality, namely, a low vital capacity and reduced transfer factor, or a reduced FEV/FVC ratio. If the transfer factor was normal it was a common practice to behave as if it was reduced. Mr Morgan said one problem was that people had lost the feel of the measurements because they usually only had numbers in front of them. Anybody working with spirometers twenty years ago would recognize immediately if there was a loss of respiratory reserve air, but this was no longer the case. He advocated reverting to graphical reporting, which, in the case of exercise testing, might take the form of a tripartite X-Y plot. Dr T J H Clark said that a plain numerical result was usually sufficient, but if a report was needed the aim should be to have this produced by the computer. The referring physician should then be able to interrogate the computer about the result. Dr J M B Hughes said that the responses of the lungs were too subtle to be classified easily by computer. Even the five or six measurements that were usually made had a number of permutations: for example, the degree of expansion of the lung influenced the level of diffusing capacity. Mr C Derrett said there was need for agreement on practical points, like the flow rate at which the airways resistance was reported, and whether the FVC or VC was used for the calculation of the FEV %.
Dr S W Clarke said there was an additional role for computing methods in increasing the effectiveness of handling patients and obtaining the raw data. This took up most of the time needed to make measurements, so that a small step in the direction of automated instruction to patients could materially reduced the requirements for technicians. Dr E J M Campbell in his summing up said that over the past twenty years there had been a vast increase in the number of assessments carried out; this was due to changes in medical practice, so that, for example, in acute chest illness the measurement of the arterial blood gases, formerly frowned upon by colleagues, was now mandatory. The change had created problems. Formerly doctors making the measurements usually had clinical responsibility for the patient and so had a double interest in getting the answers right. Now, the same doctor might in one capacity, be a pulmonary function supervisor and at the same time also a clinician, a medical educator and/or a research worker. This sometimes led to conflicts of interest. In addition the many different sources of referral of patients meant that there were different requirements for measurements and for the interpretation of results. In the USA measurements were also to some extent a source of revenue for hospitals; the charge was related to the number of indices which could be claimed from a test, despite the fact that many were not relevant or useful. It was an advantage of the NHS that the service aspect could and should be separate from the others.
Tests should not be ordered for appearances or to answer the hidden question, how do I treat my patient? but because they provided unique answers to questions which might be life-saving or important in other ways. For them to be effective it was necessary to consider what models of lung function were used by the person requesting the test; how he interpreted them, and what action was taken. The results of such an exercise were likely to be disappointing. Thus, three years ago in a hospital in Canada Dr Campbell undertook an enquiry into the reasons behind 100 consecutive requests for measurements of arterial blood gases. The enquiry set out to discuss what factors the requesting doctor thought determined the normal blood gases, and how they might be abnormal in that particular patient. What led to the request for measurement? How were the numerical findings interpreted, and what action was taken as a result? It turned out that the request was often made on a wrong premise and that the result was frequently misinterpreted. In fact, on 25 % of occasions, had the referring doctor taken the therapeutic action which he said followed from his interpretation of the blood gases he would have made a mistake. In practice disaster was avoided because the doctor took no notice of the results at all. This sort of thing could only be improved upon by better medical education; perhaps by allowing people to request the measurement on incorrect grounds, then discussing the results and showing that these were irrelevant. To decide this in the first place required previous experience. Other situ-ations where this approach might be applied included the obstructive and restrictive models of ventilatory impairment; these were obsolete and should be abandoned. The diagnosis of emphysema was often of little consequence when there was not much that could be done about it. The Henderson model for acid-base balance and the Riley three-compartment model for gas exchange were potentially very useful. Here there were technical matters to be sorted out and after that-and with better educationthere should be very little need for written interpretation. The service would then be more cost-effective. Overinvestigation in teaching centres could be justified only if it produced clinicians who were lessnot moredependent on investigations.
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